current legislation, whereas a reduction of 20% is probably not even reached with outlined 23 additional measures (Matthijsen et al., 2009) . To develop mitigation strategies to meet these 24 targets and to reduce the concentrations of both PM 2.5 and PM 10 in general one needs to es-25 tablish the origin of particulate matter. Of particular interest is the quantification of the an-26 thropogenic and natural fractions in PM as these provide an indication of the 'playing field' 27 of policy makers. 28 Important information on the origin of particulate matter can be obtained through chemical 29 analysis to establish its composition (Putaud et al., 2004 (Putaud et al., , 2009 Viana et al., 2008; Sillanpää 30 et al., 2006; Salvador et al., 2007; Mazzei et al., 2008; Almeida et al., 2007) . matter, respective mass deficits and the changing composition on days with higher PM 23 masses are demonstrated. Also, the contribution of natural material in particulate matter and 24 political implications are discussed. The usefulness of the PMF approach is demonstrated 25 elsewhere (Mooibroek et al., 2010; Schaap et al., 2010) Five sites were selected for the monitoring of the PM 10 and PM 2.5 composition (see Fig.1 ).
32
These include three rural background sites: Hellendoorn (~150 km from Rotterdam), Cabauw Germany). In the BOP programme's experimental set-up this sequential low-volume system 19 (LVS) used a flow of 2.3 m 3 /h. Four of these reference samplers were placed at every loca-20 tion for a paired measurement of PM 10 and PM 2.5 . The sampling period per filter is 24 hours 21 and ran from midnight to midnight. All filters were protected during storage and transport.
22
The logistic and operational (QA/QC) procedures were those used in the NAQMN network.
23
Two types of filter media, quartz (QMA) and teflon (PTFE), were used. The teflon filters 24 were chosen to quantify the presence of silicon. The quartz fibre filter media is the material 25 commonly used in gravimetric studies. They were cut into two equal parts for the SIA and 26 EC/OC analyses. 
Chemical analyses

29
The soluble fraction was extracted from the quartz filters by 7 ml deionized distilled water 30 and kept for 8 h in a sealed tube (10 ml). Ammonium captured on the filters was then ana- The analysis of carbon is based on thermography (Cachier-method). The filter-sample is 10 heated in an oven resulting in the release of carbon. For quantitative determination of the 11 amount of released carbon the evolved gases are oxidised to CO2 in a post-combustor oven.
12
The discrimination of carbon in OC and EC is operationally defined. OC is the carbon re-13 leased during the 1 st step (8 minutes at 340 C); the remainder gives an estimate for EC after 14 combustion for 6 minutes at 750C. The analysis occurs in a Coulomat 702, manufactured by 15 JUWE (Viersen, Germany). The total amount of carbon, TC, is directly proportional to the 16 total amount of CO 2 produced. The detection system, in principle, is an absolute method.
17
Monthly calibrations with a standard were performed. Cleaning of the instrument occurred 18 once a month (after a full month of operation). Several samples were in the oven for a longer 19 period and also at a higher temperature to check for complete combustion and proper assess-20 ment of the EC. analysed" part (further denoted by 'NA'). The sum of the measured elements (without so-
Results
23
Chemical composition
24
The average PM concentrations in our data set are 22.1 µg/m 3 (PM 10 ), 14.8 µg/m 3 (PM 2.5 ) 25 and 7.3 µg/m 3 (PM 10-2.5 ) indicating that PM 2.5 is around two-third of PM 10 which is common 26 in the Netherlands. As expected, levels appear highest at the Rotterdam kerbside and lowest 27 at rural Hellendoorn. The mass difference for PM 10 between these sites is considerable (near 28 9 µg/m3) and originating from nearly equal increments of the fine and coarse mass (4-5 29 µg/m3).
30
The average composition of the daily PM 10 and PM 2.5 filter samples is presented in Fig. 2 and 31 summarised in Table 2 . An example of the compositional distribution can be seen in Fig. 3 32 (Schiedam) . Fig. 2 Table 3 ). µg/m 3 ). Consequently, the mass closure improved most for the coarse fraction (9%, on aver-12 age).
13
The sea-salt aerosol is generated by sea spray processes when waves break on the sea shore 14 and out at sea. Here, sodium is used as a tracer because it is not affected by depletion and 15 measurements are reliable. The presence of sea salt is then estimated by: SS = 3.26*Na (con-16 tribution of actually measured Cl is then neglected). The factor 3.26 follows from the compo-17 sition of sea water (i.e., 1 l sea water contains 1 g material among which 0.308 g sodium).
18
The estimated SS contribution will differ from the actually measured sum of Na and Cl con- The calculated MD contribution is subtracted from the total elemental mass which leaves the 8 final mass balance unaffected. The outcome is further denoted by 'metals'. µg/m3) The reason for these enhanced TC levels in the coarse fraction is not clear.
29
To determine which of the constituents are the main contributors when high PM levels (e.g.,
30
on exceedence days) occur the data set has been partitioned into two subsets, containing the 31 data for days at which the PM 10 (PM 2.5 ) concentrations were less or larger than 30 (25 The natural fraction of the unknown mass is by definition unknown. As water partly explains 33 the unknown fraction and most of the water appears associated with SIA it is likely that a 34 significant part of the unknown fraction can be considered to anthropogenic. We assume here 1 that the anthropogenic/natural ratio within the unknown mass fraction resembles that of the 2 explained mass.
3
The natural fraction in the Netherlands is then obtained by adding relative natural mass con-4 tributions per component. For instance, in Hellendoorn 11.5% of PM 10 is associated with sea 5 salt adding to 11.5% of natural PM 10 (see Table 5 ). Note, that this fraction represents the 6 source attribution and therewith fresh sea salt as discussed in section 4.3 and would be lower 7 when one reflects the chloride loss in this calculation. Nitrate contributes 21 % of which 0 or 8 5% is assumed to be natural resulting in a contribution of 0 or 1% natural PM 10 for the low 9 and high cases, respectively. Hence, nitrate contributes very little to the natural fraction. .
10
Adding all contributions, the estimated natural fraction of PM 10 is 245%. The low estimate 11 for carbonaceous particles yields a natural fraction of 1921%. Hence, around one quarter of 12 PM 10 is estimated to be natural. Performing the same exercise for PM 2.5 yields estimates of 13 178 and 134% for the two cases, respectively. Application of this methodology to all sites in 14 this campaign yields natural fractions of about one fourth for PM 10 and one fifth for PM 2.5 15 (Fig. 6 ). In case of the low natural OM fraction the natural estimates are about 5% lower than 16 with the high case. 
Conclusions
18
There is a considerable conformity in the chemical composition of PM over the Netherlands.
19
Most dominant is the secondary inorganic aerosol -the sum of sulphate, nitrate and ammo-20 nium -showing slightly higher levels at the rural sites. Carbon containing components are 21 generally the second largest contributor being enhanced in the traffic dominated urban area.
22
The most important natural constituent is sea salt, especially in the western part of the Neth-23 erlands near the North Sea. Contributions of mineral dust and metals appear relatively low.
24
The distribution of species in PM 10 resembles that of PM 2.5 which is not surprising as the matter remains one of the biggest challenges, as knowledge in this respect is still moderate. Pope, C. A., Thun, M., Namboodiri, M., Dockery, D., Evans, J., Speizer, F., and Heath, C.:
Hüglin, C., Jones, A.M., A., Kiss, G. , Kousa, A. , Kuhlbusch, T.A.J. , 23 Löschau, G. , Maenhaut, W., Molnar, A. , Moreno, T., Pekkanen, J. , Perrino, C. , Pitz, M. , 24 Puxbaum, H., Querol, X., Rodriguez, S. , Salma, I. , Schwarz, J. Smolik, J. Schneider, G. Weijers, E.P., Sahan, E., Brink, H.M. ten, Schaap, M., Matthijsen, J., Otjes, R.P., van Arkel, 17,7 ± 6,4 21,2 ± 7,3 23,6 ± 11,9 21,8 ± 9,6 26,3 ± 11,6 NO3 3,6 ± 2,1 4,3 ± 2,2 5,4 ± 3,7 4,0 ± 3,6 4,8 ± 4,2 SO4 2,3 ± 1,0 2,5 ± 1,1 3,0 ± 1,4 3,1 ± 1,6 3,0 ± 1,6 NH4 1,2 ± 0,7 1,5 ± 1,1 2,0 ± 1,7 1,2 ± 1,6 1,5 ± 1,7 EC 1,7 ± 1,0 2,0 ± 0,9 2,1 ± 1,0 2,0 ± 1,3 3,7 ± 1,5 OC 1,6 ± 1,0 1,8 ± 0,7 1,6 ± 0,9 1,8 ± 1,3 2,3 ± 1,0 Cl 0,6 ± 0,9 1,1 ± 1,2 0,4 ± 0,4 1,2 ± 1,3 0,9 ± 0,9 Na 0,6 ± 0,6 0,9 ± 0,8 0,5 ± 0,4 1,1 ± 0,8 0,9 ± 0,6 total metals 1,4 ± 0,8 1,7 ± 0,7 2,0 ± 1,2 2,0 ± 1,0 2,9 ± 1,1 not-analysed 4,6 ± 3,5 5,5 ± 2,5 6,7 ± 4,5 5,3 ± 2,5 6,4 ± 3,3 PM 2.5 12,5 ± 5,4 14,5 ± 6,3 17,5 ± 11,0 13,0 ± 7,6 16,4 ± 10,0 NO3 2,6 ± 1,7 3,2 ± 2,3 4,1 ± 3,7 2,5 ± 2,5 3,0 ± 3,0 SO4 2,1 ± 0,9 2,2 ± 1,1 2,7 ± 1,4 2,5 ± 1,3 2,4 ± 1,1 NH4 1,3 ± 0,9 1,3 ± 1,0 1,6 ± 1,4 1,1 ± 1,2 1,4 ± 1,5 EC 1,5 ± 0,8 1,4 ± 0,7 1,7 ± 0,9 1,9 ± 1,0 3,2 ± 1,4 OC 1,4 ± 0,7 1,2 ± 0,6 1,3 ± 0,6 1,2 ± 0,7 1,5 ± 0,8 Cl 0,2 ± 0,2 0,3 ± 0,4 0,2 ± 0,1 0,2 ± 0,2 0,2 ± 0,2 Na 0,2 ± 0,2 0,3 ± 0,3 0,1 ± 0,1 0,3 ± 0,2 0,3 ± 0,3 total metals 0,7 ± 0,4 0,7 ± 0,2 0,8 ± 0,3 0,9 ± 0,3 1,0 ± 0,3 not-analysed 2,6 ± 2,0 3,8 ± 2,7 4,9 ± 5,7 2,4 ± 2,3 3,3 ± 3,6 PM 10-2.5 5,1 ± 2,1 6,8 ± 2,9 6,1 ± 2,5 8,8 ± 3,6 9,9 ± 3,4 NO3 1,0 ± 0,9 1,1 ± 1,0 1,3 ± 2,7 1,5 ± 1,6 1,8 ± 1,7 SO4 0,2 ± 0,4 0,3 ± 0,5 0,2 ± 1,1 0,6 ± 0,8 0,6 ± 1,0 NH4 -0,1 ± 0,6 0,2 ± 0,4 0,4 ± 1,0 0,1 ± 0,6 0,1 ± 0,5 EC 0,2 ± 0,9 0,6 ± 0,7 0,4 ± 0,3 0,2 ± 0,9 0,4 ± 0,6 OC 0,2 ± 0,8 0,7 ± 0,6 0,3 ± 0,4 0,5 ± 1,0 0,8 ± 0,6 Cl 0,4 ± 0,7 0,7 ± 0,9 0,3 ± 0,3 1,0 ± 1,2 0,7 ± 0,7 Na 0,4 ± 0,5 0,6 ± 0,5 0,4 ± 0,3 0,8 ± 0,6 0,6 ± 0,5 total metals 0,7 ± 0,6 0,9 ± 0,5 1,2 ± 0,9 1,2 ± 0,8 1,9 ± 0,9 not-analysed 2,1 ± 2,6 1,6 ± 2,5 1,7 ± 5,0 2,9 ± 1,6 3,0 ± 2,3 17,7 ± 6,4 21,2 ± 7,3 23,6 ± 11,9 21,8 ± 9,6 26,3 ± 11,6 SIA 7,0 ± 3,4 8,0 ± 4,2 10,2 ± 6,4 8,0 ± 6,6 9,1 ± 7,3 TCM 4,3 ± 2,4 5,0 ± 2,0 5,0 ± 2,3 4,9 ± 2,5 7,7 ± 3,1 SS 2,0 ± 2,0 3,0 ± 2,5 1,6 ± 1,2 3,7 ± 2,7 2,9 ± 2,1 MD 1,2 ± 1,4 1,2 ± 1,0 2,1 ± 1,9 1,6 ± 1,3 1,8 ± 1,3 metals 0,8 ± 0,3 1,2 ± 0,4 1,0 ± 0,4 1,4 ± 0,5 2,4 ± 0,8 unknown 2,3 ± 3,5 2,7 ± 2,0 3,7 ± 4,2 2,1 ± 2,7 2,3 ± 2,8 PM 2.5 12,5 ± 5,4 14,5 ± 6,3 17,5 ± 11,0 13,0 ± 7,6 16,4 ± 10,0 SIA 6,0 ± 2,8 6,6 ± 4,1 8,4 ± 6,1 6,0 ± 4,6 6,8 ± 5,1 TCM 3,8 ± 1,9 3,3 ± 1,5 3,9 ± 2,0 4,0 ± 2,2 6,1 ± 2,7 SS 0,6 ± 0,8 1,0 ± 0,9 0,5 ± 0,3 1,0 ± 0,8 0,9 ± 1,0 MD 0,5 ± 0,4 0,5 ± 0,3 0,7 ± 0,4 0,6 ± 0,5 0,6 ± 0,3 metals 0,4 ± 0,2 0,6 ± 0,1 0,5 ± 0,2 0,6 ± 0,2 0,8 ± 0,3 unknown 1,2 ± 1,7 2,5 ± 2,6 3,5 ± 5,5 0,7 ± 2,2 1,2 ± 3,5 PM 10-2.5 5,1 ± 2,1 6,8 ± 2,9 6,1 ± 2,5 8,8 ± 3,6 9,9 ± 3,4 SIA 1,0 ± 1,5 1,4 ± 1,6 1,8 ± 4,5 2,0 ± 2,8 2,3 ± 2,9 TCM 0,5 ± 2,0 1,7 ± 1,4 1,1 ± 0,9 0,9 ± 0,9 1,6 ± 1,1 SS 1,4 ± 1,5 2,0 ± 1,7 1,2 ± 0,9 2,7 ± 2,0 2,0 ± 1,5 MD 0,7 ± 1,0 0,8 ± 0,7 1,4 ± 1,5 1,0 ± 1,2 1,2 ± 1,0 metals 0,4 ± 0,2 0,6 ± 0,3 0,5 ± 0,3 0,8 ± 0,4 1,6 ± 0,7 unknown 1,1 ± 3,0 0,2 ± 2,2 0,2 ± 5,0 1,4 ± 2,0 1,1 ± 2,3 SIA 7,0 ± 3,4 40 8,0 ± 4,2 38 10,2 ± 6,4 43 8,0 ± 6,6 37 9,1 ± 7,3 35 TCM 4,3 ± 2,4 28 5,0 ± 2,0 27 5,0 ± 2,3 24 4,9 ± 2,5 26 7,7 ± 3,1 32 SS 2,0 ± 2,0 11 3,0 ± 2,5 14 1,6 ± 1,2 7 3,7 ± 2,7 17 2,9 ± 2,1 11 MD 1,2 ± 1,4 7 1,2 ± 1,0 6 2,1 ± 1,9 9 1,6 ± 1,3 7 1,8 ± 1,3 7 metals 0,8 ± 0,3 5 1,2 ± 0,4 6 1,0 ± 0,4 4 1,4 ± 0,5 6 2,4 ± 0,8 9 unknown 2,3 ± 3,5 9 2,7 ± 2,0 10 3,7 ± 4,2 13 2,1 ± 2,7 7 2,3 ± 2,8 6 PM2.5 12,5 ± 5,4 14,5 ± 6,3 17,5 ± 11,0 13,0 ± 7,6 16,4 ± 10,0 
